Mn 5 Ge 3 C x films with x ≥ 0.5 were experimentally shown to exhibit a strongly enhanced Curie temperature T C compared to Mn 5 Ge 3 . In this letter we present the results of our first principles calculations within Green's function approach, focusing on the effect of carbon doping on the electronic and magnetic properties of the Mn 5 Ge 3 . The calculated exchange coupling constants revealed an enhancement of the ferromagnetic Mn-Mn interactions mediated by carbon. The essentially increased T C in Mn 5 Ge 3 C is well reproduced in our Monte Carlo simulations and together with the decrease of the total magnetisation is found to be predominantly of an electronic nature.
While in Mn 5 Si 3 C x films the interstitial carbon leads to a lattice expansion, the increase of T C upon doping in Mn 5 Ge 3 C x is accompanied by a lattice compression 3 . However, it was suggested that the observed lattice distortions in both Mn 5 Ge 3 C x and Mn 5 Si 3 C x can have a very small influence on the increase of the transition temperatures 3 . On the other hand, it was also concluded that the double-exchange mechanism plays only a minor role in enhancing the ferromagnetism in Mn 5 Ge 3 C x . In spite of the existing experimental data on the magnetic properties of C-doped Mn-Ge and Mn-Si compounds, the information about the local magnetic moments, magnetic interactions and the role of carbon interstitials on the enhancement of the T C of Mn 5 Ge 3 C x is still lacking. Hence, in this letter we explore possible zero-and finite-temperature magnetic properties and transition temperatures of the pure and C-doped Mn 5 Ge 3 compounds by using first-principles calculations and Monte Carlo simulations.
We follow a standard scheme for the calculation of thermodynamical properties of magnetic systems: (1) first the Green's function formalism and the magnetic force theorem 6 are employed to determine the exchange integrals J ij from first principles; (2) these are used as input to a classical Heisenberg Hamiltonian of the form H = − i,j;i =j J ij e i e j , where i and j are the site indexes and e i is a unit vector along a spin moment at i. The T C is estimated from the peak in susceptibility-temperature curve, obtained by Monte Carlo simulations using 2160 magnetic-atom supercells. The ab initio calculations are performed by the fullpotential screened Korringa-Kohn-Rostoker (KKR) Green function method 7 within the local spin density approximation 8 of density functional theory. For structural relaxation we use the projector-augmented wave approach as implemented in the ABINIT code, 9 within the generalized gradient approximation for the exchange-correlation energy.
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In order to study the effect of structure relaxations on the magnetic properties of Mn 5 Ge 3
and Mn 5 Ge 3 C x , we performed calculations for both rigid and relaxed lattices. We have This discrepancy could be ascribed to disorder effects and defects formation, which may differ in sputtered and implanted samples.
In Tab. I we present some of the important calculated exchange constants for the relaxed and rigid Mn 5 Ge 3 and Mn 5 Ge 3 C systems (see Fig. 1 and z = 3 4 planes (perpendicular to the c-axis), and FM J 4 and J 6 interactions between Mn II belonging to different planes. The negative sign for J 3 could be responsible for the small degree of non-collinearity in Mn 5 Ge 3 , observed in the previous first-principles calculations 13 . However, an increase of the corresponding Mn II -Mn II distance from 2.974Å to 3.057Å after structure relaxation leads to the change from AFM to FM J 3 parameter, while the rest of the parameters are left almost unchanged. As a result the estimated value of the T C = 400 K for the relaxed Mn 5 Ge 3 system is somewhat higher than for the rigid one of 320 K, the latter being in a very good agreement with the corresponding experimentally observed value of 304 K 2 .
The results presented in Tab. I show that interstitial carbon, even without relaxation, significantly changes the value of J 2 , J 3 and J 6 , leaving the J 4 and J 1 interactions almost uneffected. In particular, the J 3 interaction becomes strongly FM compared to the undoped 
